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SECTION A — PROTEINS (APPROX 1h) 
This section is worth 60 marks; answer all THREE questions 


QUESTION 1 (20 MARKS) 


a) 


b) 


C) 


d) 


The figure below shows the structure of the amino acid Aspartate. 


Redraw this amino acid showing the Amino and Carboxyl groups in their 
predominant forms at pH 5 and at pH 11, given that pK; Coon) is 1.88, 
PK2 (we3+) = 9.60 and pKr = 3.65. (label each structure with the relevant pH) 


COOH [5 Marks] 
Now draw aspartate and a different amino acid linked via a peptide bond. 


Label the peptide bond, the N-terminus and the C-terminus of your peptide. 
[5 Marks] 


Name ONE example of each type of amino acid listed below: [1 mark each] 


Aliphatic 
Basic 
Aromatic 
Smallest 


Amide 


For each of the amino acids listed above name ONE type of bond/interaction in 
which the R-GROUP participates, contributing to the stability of the native 
three-dimensional structure of proteins. [5 Marks] 


QUESTION 2 (20 MARKS) 


The figure right shows a cartoon of yeast hexokinase, the enzyme that catalyses the first 
step in glycolysis. 


Examine the diagram and use your knowledge of protein 
structure and enzyme function to describe the structure of 
hexokinase, highlighting aspects of its structure that are 
important in its function. 


In your answer you are expected to demonstrate understanding 
of different levels of 3D protein structure as well as the 
interaction of an enzyme with its substrate. You are expected 
to use specific technical terminology. 
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QUESTION 3 (20 MARKS) 


a) 


In a class experiment to investigate the kinetics of an enzyme, the initial reaction 
rate (Vo) was measured at a variety of substrate concentrations. The results are 
shown below. 


[S] (mM) Vo (uM/min) 
2.5x 10° 28 
4.0x 10° 40 

1x 10° 70 

2x 10° 95 

4x 10° 112 

1x 10° 128 

2x 10° 139 

1x 10° 140 


Use this data and your knowledge of Vmax and Ky to estimate approximate values of 
each of these terms. For full marks your answer must include your reasoning as well as 
a definition of each of the terms. [5 marks] 


b) 


C) 


d) 


One group of students accidentally added twice as much enzyme as they were 
instructed. What was the reaction rate in the sample with | x 10° mM substrate? 
You must explain your reasoning to obtain full marks. [5 marks] 


A second group of students accidentally used the wrong buffer for their reaction, 
using a solution at pH 4 instead of the pH 7 buffer they were expected to use. 
Demonstrate your understanding of the effect of pH on reaction rates by explaining 
the likely effect of this on the reaction rates obtained. [5 marks] 


Demonstrate your understanding of enzymes by describing another variable (other 
than [S], amount of enzyme added and pH) that would affect the reaction rate of an 
enzyme catalysed reaction. [5 marks] 


SECTION B — Carbohydrates and Metabolism (APPROX Ith) 
Answer all questions; each question is worth 2 marks 


PLEASE USE THE ANSWER SHEET PROVIDED FOR THIS 
SECTION 


Select the best answer in the multiple choice questions below: 


I 


The First Law of Thermodynamics simply states that 


energy is constantly being created in the universe 

disorder in the universe is continually increasing 

energy can be created but not destroyed 

energy cannot be created or destroyed, just changed from one form to 


aa ae a 


another 
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2. Biological oxidation-reduction reactions always involve 


direct participation of oxygen. 
formation of water. 
mitochondria. 

transfer of electron(s). 


APS eee 


transfer of hydrogens. 


3. Ifthe AG” of the reaction A > B is -40 kJ/mol, under standard conditions the 
reaction: 


is at equilibrium. 

will never reach equilibrium. 

will not occur spontaneously. 

will proceed at a rapid rate. 

will proceed spontaneously from A to B 


oe Se eS 


4. When a mixture of 3-phosphoglycerate and 2-phosphoglycerate is incubated at 
25°C with phosphoglycerate mutase until equilibrium is reached, the final mixture 
contains six times as much 2-phosphoglycerate as 3-phosphoglycerate. Which one 
of the following statements is most nearly correct, when applied to the reaction as 
written? (R = 8.315 J/mol-K; T= 298 K) 


3-Phosphoglycerate — 2-phosphoglycerate 


Note: AG"° = - RT In [product]/[reactant] 


AG"? is —4.44 kJ/mol. 

AG" is zero. 

AG" is +12.7 kJ/mol. 

AG"is incalculably large and positive. 


Soe ee 


AG" cannot be calculated from the information given 


5. | Which of the following incorrectly describe the compound pictured below is 
H-G=0 
eee 
CH,OH 


D-glyceraldehyde 
L-glyceraldehyde 

An aldotriose 

The simplest monosaccharide 


Pe NM 


6. 


7. 


8. 


10. 
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The structure pictured below is the Haworth structure of 


CH20H 


1. B-D-galactose 
2. B-D-glucose 
3. a-D-glucose 
4, 


a-D-galactose 


Which of the following is not a reducing sugar? 


1. glucose 
2. maltose 
3. lactose 
4. sucrose 


The piece of the chain pictured would be part of 


0 
CHZ0H a” 


Qo OH 


1. amylopectin 
2. cellulose 
3. amylose 
4. glycogen 


The following are the important products of glycolysis except 


2 molecules of NADH 
2 molecules of ADP 

2 molecules of pyruvate 
2 molecules of ATP 


pm eile See on 


For each molecule of glucose converted to pyruvate in the glycolytic pathway ___ 
molecules of ATP are used initially (Preparatory Stage) and ___— molecules of 
ATP are produced (Payoff Stage) for an overall yield of ___ molecules of 
ATP/glucose. The "ATP math" is: 


1. -24+4=2 
2. -1+4=3 
3. 2+5=3 
4, -1+2=1 


LY. 


12. 


13: 


14. 


15. 


16. 
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Which of the following enzymes in glycolysis catalyses a REDOX reaction? 


Hexokinase 

Glyceraldehyde-3-phosphate dehydrogenase 
Pyruvate kinase 

Phosphofructokinase- 1 


Se 


Phosphoglycerate kinase 


What is the net yield of NADH when glucose 6-phosphate is converted to ethanol 
during fermentation? 


The net number of ATP molecules produced when one molecule of glucose passes 
through the anaerobic stage of respiration is: 


Which of the following is not a product of fermentation? 


1. CO, 

2. Or 

3. ethanol 
4. lactate 


What substance is regenerated by fermentation? 


1. Oy 

2. NAD* 

3. acetyl-CoA 
4. ATP 


Which of the following statements is incorrect? 
1. Aerobically, pyruvate forms acetyl group of acetyl-CoA that enters the citric 
acid cycle. 
2. In anaerobic muscle, pyruvate is converted to lactate. 


3. In yeast growing anaerobically, pyruvate is converted to ethanol. 

4. Reduction of pyruvate to lactate regenerates a cofactor essential for 
glycolysis. 

5. Under anaerobic conditions pyruvate does not form because glycolysis does 
not occur. 


We 


18. 


19. 


20. 


rae 


22. 
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Which metabolic pathway or process is common to both aerobic and anaerobic 
oxidation of sugar? 

1. Citric acid cycle 

2. Chemiosmosis in mitochondrion 

3. glycolysis 

4. oxidation of pyruvic acid to CO 


The citric acid cycle occurs in which part of the cell? 
1. Outer mitochondrial membrane 

Cytosol 

Inner mitochondrial membrane 

Nucleus 

Mitochondrial matrix 


Se Ps SS 


What substance is produced by the oxidation of pyruvate and feeds into the citric 
acid cycle? 


1. pyruvate 

2. glucose 

3. acetyl-CoA 
4. Oo 


Which of the following are functions of the citric acid cycle? 
1. the generation of NADH and FADH) 
2. the formation of a-ketoglutarate 
3. the oxidation of acetyl-CoA produced from glycolysis and fatty acid 
oxidation 
4. all of the above 


In a eukaryotic cell, most of the enzymes of the electron transport chain are 
located in the 

1. cytosol 

2. inter-membrane space. 

3. inner mitochondrial membrane. 

4. mitochondrial matrix. 


The glycerol phosphate shuttle functions in: 
1. anaerobic glycolysis for regeneration of NAD 
2. lipid catabolism 
3. aerobic glycolysis to transport NADH equivalents resulting from glycolysis 
into mitochondria 
4. triglyceride synthesis 


23: 


24. 


Zo: 


26. 


2 


BCHM210 Trimester 1, 2014 


Proton pumping in the context of oxidative phosphorylation 


1. is driven by the energy released from the electron flow within the inner 
mitochondrial membrane 

2. generates an electro-chemical gradient across the inner mitochondrial 
membrane 

3. allows the formation of ATP 

4. describes the movement of hydrogen ions across the inner mitochondrial 
membrane 

5. all of the above 


In aerobic cellular respiration, which generates more ATP, substrate-level 
phosphorylation or oxidative-level phosphorylation? 

1. substrate-level phosphorylation 

2. oxidative-level phosphorylation 

3. both generate the same amount of ATP 

4. neither generates any ATP 


What role does O2 play in aerobic respiration? 

it plays no role 

it combines with acetyl-CoA at the start of the Krebs cycle 

it is given off as a by-product during the oxidation of pyruvate 

it combines with H2O to help drive the formation of ATP 

it is the final electron acceptor at the end of the electron transport chain 


Pee a 


NADH is produced during 
1. glycolysis 
2. the oxidation of pyruvate 
3. the Krebs cycle 
4. all of the above 
5. none of the above 


The pentose phosphate pathway is utilized for all of the following EXCEPT which 


one? 
1. formation of ATP 
2. generation of NADPH 
3. ribose-5-phosphate synthesis 
4. ribose-5-phosphate degradation 
5. synthesis of pentoses 


BCHM210 Trimester 1, 2014 


28. Energy that is released from glucose during respiration but not transferred to ATP 
bonds can be detected as: 


1. H,O 
2. COr 
3. ADP 
4. Heat 


29. If one molecule of glucose is completely oxidised to H2O and COs, a total of: 
1. 38 molecules of ATP may be produced 
2. 34 molecules of ATP may be produced 
3. 36 molecules of ATP may be produced 
4. 32 molecules of ATP may be produced 


30. The energetic efficiency of a car engine (petrol --> motion) is about 25%. By 
contrast, the energetic efficiency of complete oxidation of one mole of glucose 
(glucose --> ATP) in vivo is 

1. less than 10% 
2. about 15% 

3. around 35% 

4. more than 70% 


Please remember - This examination question paper MUST BE HANDED IN. Failure 
to do so may result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has 
been returned. 


